This research explores the relationship among the bio-energy company stock index in Taiwan, TAIEX, DJI, Nikkei 225 and SSE composite index for a period from January 1, 2005 to March 11, 2008. Test results indicate two things are noteworthy: 1. Granger causality tests show that the interaction between the bio-energy company stock index in Taiwan and TAIEX is one-way only; however, that between the bio-energy company stock index in Taiwan and DJI is two-way. 2. According to the results of variance decompositions, though TAIEX has the highest explanation power; nevertheless, the explanation strength tends to decrease. On the contrary, DJI and Nikkei 225 manifest constantly increasing strength in explanation. Accordingly, the influence of DJI upon the bio-energy company stock index in Taiwan keeps rising and can't be ignored.
Introduction
Alternative energies are quite diversified, including solar power, water, wind and bio-energy companies. Development varies with each country due to geographical differences. For example, water power is emphasized in Iceland and Norway, wind is stressed in Holland and Taiwan, and bio-energy is primary in Brazil. As far as the energy required for transportation, bio-energy is the best choice everywhere at present.
The Brazilian government announced they had bio-energy they produced themselves without depending on the oil imported in 2006. 27 countries of European Union (EU) signed a co-energy program in 2007, in which the bio-energy consumption is required to account for 10% of vehicle energy by 2020. In 2007, President Bush of the United States signed the Energy Independence and Security Act that bio-energy had to be added into petroleum at a certain proportion. The government in Taiwan planned to achieve the goal of creating an output value of 1,590 thousand billion of bio-energy in two years, which is 2010.
Thanks to familiarity with companies, emphasis on developing and training agricultural professionals and accumulation of considerable strength, the technologies related to agricultural development and application in Taiwan are highly developed. Research and production of bio-energy has rooted here in Taiwan. Currently, there are five listed and over-the-counter companies that are active in mass producing bio-energy.
This research is centered on the bio-energy company stock index in Taiwan for an in-depth exploration of the joint movements among the bio-energy company stock index in Taiwan, DJI, Nikkei 225, SSE composite index and TAIEX. The literature on energy researches is plenty; however, most of the studies focus on petroleum. Researches on alternative energies are scarce, let alone studies related to bio-energy. Therefore, this study is a trailblazer in examining the relationship between bio-energy company stock index and the international stock markets.
In previous literature, discussions based on global or district scope are like: Nandha and Faff (2008) used multivariate VAR to study the effects of oil price shocks on the real economic activity of the main industrialized countries. The results: 1. Oil price increases are found to have an impact on GDP growth of a larger magnitude than that of oil price declines. 2. Among oil importing countries, oil price increases are found to have a negative impact on economic activity in all cases but Japan. 3. The effect of oil shocks on GDP growth differs between the two oil exporting countries in the sample, with the UK being negatively affected by an oil price increase and Norway benefiting from it.
Discussions based on the scope of single countries are like: Boyer and Filion (2008) found that the return of Canadian energy stock in positively associated with the Canadian stock market return, with appreciations of crude oil and natural gas prices, with growth in internal cash flows and proven reserves, and negatively with interest rates. Chen, Finney and Lai (2005) used Threshold cointegration and error -correction model to provide evidence for asymmetric adjustment in U.S retail gasoline price from January 1991 to March 2003. The results are the asymmetric transmission is found to occur not just through the spot markets of crude oil and refinery gasoline but also through their future markets, and asymmetry in price transmission primarily occurs downstream, not upstream of the transmission process. Goto (2005) examined whether the temporary protection policy for the Japanese oil industry provided by the Provisional Law on Importation of Specific Petroleum Products (Tokusekiho) between 1986 and 1996 was a credible policy. The effectiveness of the law is by measuring changes in the cost structure of four oil firms in the oil industry before, during and after the period of protection, and is found that the cost function of each firm shifted upwards during the period of protection, suggesting that the incentives did not work effectively. Liang (2004) studied the effect of Taiwan entering the WTO, according to the data of Chinese Petroleum Corporation in 1997. The refining cost of fuel oil and jet fuel oil was lower than that of corresponding imports, but gasoline, LPG and diesel was higher than that of corresponding imports.
As far as literature related to joint movements among the global stock markets is concerned, most of them center on the relationships between stock markets. Lee (2006) A majority of the previous researches focus on the correlations between stock markets. As bio-energy is a sunrise industry, it is critically important either for the management of bio-energy companies or the investors such as stockholders and creditors to be aware of the relationship between their stock prices and the global stock markets. As a result, the relationship between the bio-energy company stock index and the international stock markets is discussed in this study.
Data
The data for the samples of this research were based on the daily closing prices for the period from January 1, 2005 to March 11, 2008 .
The bio-energy company stock index in Taiwan refers to companies that are engaged in R&D and manufacturing bio-energy registered in the securities market in Taiwan 
Methodology

Long-run Equilibrium Relationship: Unit Root Test and Johansen Cointegration Test
There are three different unit root tests taken in this paper, namely ADF (Augmented Dickey -Fuller), PP (Phillips -Perron) and KPSS (KwiatkowskiPhillips -Schmidt -Shin). Most of the studies in the literature use ADF and PP, but ADF and PP tests are criticized due to their low power properties (Sims, 1988 (Hammoudeh and Li, 2004) . When the number of cointergration vectors is more, the long-run equilibrium relationship among variables is more stable.
Short-run Interactions: VEC model
The short-run relations among the variables are examined by the vector error correction (VEC) model in this paper. If the variables in concern are cointegrated, a VEC model is more appropriate than a VAR model as in a standard Granger Causality test (Granger 1988 ). The VEC model representation is as follows: 
In the formula above, Y1 represents the bio-energy company stock index, T2 stands for TAIEX, D3 means DJI, N4 stands for Nikkei 225, C5 means SSE composite index, and p, q, g, l, h, k and j stand for lag length. 
The results
Unit Root Test
The results of the unit root tests are reported in Table  1 . From Table 1 , we know all the series are non-stationary. That is, the results of ADF and PP tests are insignificant, which means the null hypothesis can't be rejected at 5% significant level. The results of KPSS test are significant and contrary to those of ADF and PP tests. However, all the series are stationary after first difference; i.e., the results of ADF and PP tests are significant, and that of KPSS test is not. 
Cointegration Tests
The results of the cointegration tests are reported in Table 2 . Both the maximum eigenvalue (Max-Eigen) and the trace statistics (Trace) are significant rejecting the null hypothesis. It means cointegration vectors exist. In other words, long-run equilibrium relationships exist between bio-energy company stock index and international stock markets. Besides, at 5% significant level, both the maximum eigenvalue and the trace statistics have five cointegration vectors resulting in the series with common stochastic trends in the data and in the cointegration equation. That is, the long-run equilibrium relationship is stationary among bio-energy company stock index, TAIEX, DJI, Nikkei 225 and SSE composite index. 
Granger Causality Test
The result of the Granger causality test shows that the null hypothesis is rejected at 10% significant level as shown in Table 3 . It indicates DJI can explain the fluctuations of SSE composite index and explanation power exists between Nikkei 225 and DJI, TAIEX and DJI, bio-energy company stock index in Taiwan and DJI to explain the changes for each other. Besides, TAIEX is also capable of explaining the fluctuations of the bio-energy company stock index in Taiwan.
From the perspective of the bio-energy company stock index in Taiwan, TAIEX changes may affect the bio-energy company stock index in Taiwan and the latter and DJI influence each other. It is noteworthy that the interactive influence between bio-energy company stock index in Taiwan and TAIEX is one-way; however, that between bio-energy company stock index in Taiwan and DJI is two-way. 
Impulse Responses
Only the impulse responses of the bio-energy company stock index in Taiwan are listed in Table 4 . It indicates bio-energy company stock index in Taiwan give the strongest response to TAIEX, followed by DJI; nevertheless, the impact imposed by DJI fluctuations becomes more significant on the second day than on the first day. Responses to Nikkei 225 and SSE composite index are weaker. All impulse responses of the bio-energy company stock index in Taiwan to other variables are positive and become level with time. Response of Y1 to C5
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Figure1. Response of bio-energy company stock index
Variance Decompositions
Only the sources of prediction variances of the bio-energy company stock index in Taiwan are listed in Table 5 . It is obvious to know from Table 5 that TAIEX has the highest explanation power (20.06763) and takes the lead all the way, which remains unchanged when prediction is made till the 10 th length. Furthermore, it is observed from the data listed in Table 5 that the explanation percentages of other variables are trivial compared with the explanation percentage of TAIEX when prediction is made till the 10 th length. In sum, the interactions between the bio-energy company stock index in Taiwan and other variables come from the domestic market mainly during the process. Nevertheless, there is one thing that needs our attention; i.e., though TAIEX has the highest explanation power even when prediction is made till the 10 th length, it tends to decrease. In contrast with it, the explanation power of DJI and Nikkei 225 continues increasing. 
Conclusion
This research makes an in-depth study on the relationship between the bio-energy company stock index and international stock markets. For long-run equilibrium relationships, the results of unit root and cointegration tests indicate that the bio-energy company stock index in Taiwan, TAIEX, DJI, Nikkei 225 and SSE composite index are stationary and co-moving significantly long-run equilibrium relations..
Two things are noteworthy in the short-run test results: 1. Granger causality tests show that the interaction between the bio-energy company stock index in Taiwan and TAIEX is one-way only; however, that between the bio-energy company stock index in Taiwan and DJI is two-way. 2. According to the results of variance decompositions, though TAIEX has the highest explanation power even when prediction is made till the 10 th length; nevertheless, the explanation power tends to decrease. On the contrary, DJI and Nikkei 225 manifest constantly increasing power in explanation. Accordingly, the influence of DJI upon the bio-energy company stock index in Taiwan keeps rising and can't be ignored.
